Abstract. We calculate the isovector axial vector form factors of the octetdecuplet hyperon transitions within the framework of the light-cone QCD sum rules (LCSR) to leading in QCD and including higher-twist corrections. In particular, we motivate the most recent version of the Σ and Λ baryons distribution amplitudes which are examined up to twist-6 based on conformal symmetry of the massless QCD Lagrangian.
Introduction
Form factors are extremely important in the studies of the hadron physics. They give an information about the internal structure of composite particles. The isovector axial vector form factors are important to measure the axial charge of the hadrons. The axial charge g A is also viewed as an indicator of the phenomenon of spontaneous breaking of chiral symmetry of non-perturbative QCD [1] .
The axial form factors of N → ∆ have been studied using Lattice QCD [2, 3] , quark model [4] , light cone QCD sum rules [5] , chiral perturbation theory (χPT) [6, 7] and weak pion production [8, 9] . The experimental information on the weak axial form factors come from parity-violating electron scattering experiments at JLAB [10] . For Q 2 = 0.34 GeV 2 , they found that the value of axial form factors determined from the hydrogen asymmetry was G However recently there have been attempts to extract the octet-octet and decuplet-decuplet hyperon axial charges using lattice QCD, quark model, χPT and QCD sum rules [1, 11, 12, 13, 14, 15] . The hyperon sector is interesting because they provide for an ideal system in which to study SU (3) flavor symmetry breaking by replacement of up or down quarks in nucleons by strange ones [16] . For hyperon the axial charge is a major parameter for low-energy effective description of baryon sector as they enter in the loop graphs of chiral perturbation theory [11] . Our information about the axial charge of the hyperons from experiment is also limited since their experimental measurements are difficult due to their unstable nature.
In the present work, we calculate the isovector axial vector transition form factors of the Ξ − Ξ * , Σ − Σ * and Λ − Σ * . The considered processes take place in low energies far from the perturbative region, hence to calculate the form factors as the main ingredients, we need a non-perturbative method. One of the most powerful nonperturbative methods is traditional QCD sum rules (QCDSR), which is also a powerful tool to extract hadron properties [17, 18, 19, 20] . An alternative to the traditional QCD sum rules is the light cone QCD sum rules (LCSR) [21, 22, 23] . In this method, the hadronic properties are expressed in terms of the properties of the vacuum and the light cone distribution amplitudes of one of the hadrons in the process. Since the form factors are expressed in terms of the properties of the QCD vacuum and the distribution amplitudes, any uncertainty in these parameters reflects in the uncertainty of the predictions of the form factors. This method has been rather successful in determining hadron form factors at high Q 2 (see e.g. [14, 24, 25, 26, 27, 28, 29, 30] ). This work is organized as follows: In the next section, we obtain the formulation of the baryon axial form factors in LCSR. In Section III, we present our numerical analysis and discussion.
Hyperon axial form factors
The baryon (hyperon) matrix element expressed in terms of four invariant form factors can be written as [31, 32, 33] ;
In this expression, the interpolating current J µ couples to the J P = 3/2 + states. However, the interpolating current J µ couples not only to J P = 3/2 + states, but also to the J P = 1/2 − states. Actually, the current J µ has nonzero overlap with spin -1/2 states. Therefore, the matrix element of the current J µ can be written as the following relation
The condition γ µ p µ = 0 has been used to determine the relation in Eq. (9) . Hence spin-1/2 states contribute only the structures which include a γ µ at the beginning or which are proportional to p ′ µ . By choosing the appropriate structures, the contributions from these states are eliminated [35, 36] . In this work we will consider the ordering γ µ γ ν q /p / ′ . The QCD side of the correlation function is obtained in terms of quark and gluon degrees of freedom. For calculation of the theoretical part of the correlation function from the QCD side the interpolating fields in Eq. (5) are inserted into the correlation function in Eq. (4), we obtained
where q 1,2,3 denote the quark fields and S(x) represents the light-quark propagator as
In this expressions, the first term describes the hard-quark propagator. The other term represents the contribution from non-perturbative structure of the QCD vacuum. Using Borel transformations, these contributions are removed. In the background field the hard-quark propagator has corrections, which are expected to give negligible contributions as they are related to four-and five-particle baryon distribution amplitudes [37] . In this work, we will not take into account such contributions, hence only the first term in Eq. (11) leaves for our discussion. The matrix elements of the local three-quark operator is
This expression can be written in terms of DAs using the Lorentz covariance, the spin and the parity of the baryon. Based on a conformal expansion using the approximate conformal invariance of the QCD Lagrangian up to one-loop order, the DAs are then decomposed into local non-perturbative parameters, which can be estimated using QCD sum rules or fitted so as to reproduce experimental data. We refer the reader to Refs. [38, 39, 40, 41] for a detailed analysis on DAs of hyperons, which we employ in our work to extract the axial-vector form factors. The QCD sum rules for axial form factors of the hyperon transitions are determined by equating both representations of correlation function. To do this, we choose the structures proportional to q µ γ ν q /, q µ p ′ ν q /, (g µν q / − q µ γ ν q /) and q µ q ν q / for the form factors C , respectively. After that, applying Borel transformation, the QCD sum rules for the axial form factors are obtained as
for the Ξ-Ξ * transition, (13) for the Σ-Σ * transition,
Isovector Axial Vector Form Factors of Octet-Decuplet Hyperon Transition in QCD 7 (14) for the Λ-Σ * transition. The explicit form of the functions that appear in Eqs. (12), (13) and (14) are given in Appendix A.
In order to eliminate the subtraction terms in the spectral representation of the correlation function, the Borel transformation is performed. After the transformation, contributions from excited and continuum states are also exponentially suppressed. Then, using the quark-hadron duality and subtracted, the contributions of the higher states and the continuum can be modelled. Both of the Borel transformation and the subtraction of higher states are applied by using following substitution rules (see e.g. [27] ):
, where
M is the Borel mass, m B = M H and x 0 is the solution of the quadratic equation for s = s 0 :
where s 0 is the continuum threshold.
0.43 1.07 Table 1 : The values of the parameters are used in the DAs of Σ, Λ and Ξ. The first column includes the dimensionful parameters for each baryon. In the other four columns we represent the list of the values of parameters that determine the shape of the DAs, which have been extracted for Σ and Λ. For Ξ these parameters are taken as zero.
Numerical Analysis and Conclusion
In this section, we present LCSR results for the octet-decuplet hyperon transition form factors. To obtain our numerical results the main input parameters are the baryon DAs. The DAs of the hyperon depending on various non-perturbative parameters are studied in [38, 39, 40, 41] . In Table. 1 we present the values of the input parameters using the DAs of each hyperon. In this section, we will only consider the central values of these parameters. We use the values of some parameters as follow; [42] . To evaluate a numerical prediction for the form factors, we need also specify the values of the residue of Σ * and Ξ * . The residues can be determined from the mass sum rules as λ Σ * = 0.043 GeV 3 and λ Ξ * = 0.053 GeV 3 [43] which are used in our calculations. The predictions for the form factors depend on two auxiliary parameters: the Borel mass M 2 , and the continuum threshold s 0 . The continuum threshold signals the scale at which, the excited states and continuum start to contribute to the correlation function. Hence, it is choosen as
for Ξ * . One approach to determine the continuum threshold and the working region of the Borel parameter M 2 is to plot the dependence of the predictions on M 2 for a range of values of the continuum threshold and determine the values of s 0 for which there is a stable region with respect to variations of the Borel parameter M 2 . For this reason, in Figs. (1), (2) and (3) we plot the dependence of the form factors on M 2 for two fixed values of Q 2 and for various values of s 0 in the range 2.5 GeV 2 < s 0 < 4, 5 GeV 2 . As can be seen from these figures, for s 0 = 3.0 ± 0.5 GeV 2 for Σ − Σ * , Λ − Σ * and s 0 = 3.5 ± 0.5 GeV 2 for Ξ − Ξ * the predictions are practically independent of the value of M 2 for the related range. The uncertainty due to variation of s 0 in this range is much larger than the uncertainty due to variations with respect to M 2 . Note that the determined range of s 0 is in the range that one would expect from the physical interpretation of s 0 . In Figs.(4) , (5) and (6) we also represent twist contributions of DAs. In these figures, the form factors of Σ − Σ * and Ξ − Ξ * are represent very good asymptotic behaviour. Twist-3 and twist-4 give dominant contribution for these two transitions, respectively, but twist-5 and 6 give very small contribution. In the form factors of Λ − Σ * transition we expect dominant contribution coming from twist-3 but it comes from higher twists. In Figs. (7), (8) and (9) is the dominant axial-vector form factor and the only one that can be extracted directly from the matrix element at Q 2 = 0, determining the axial charge of the transitions Σ − Σ * , Ξ − Ξ * and Λ − Σ * . In order to extrapolate, we have tried to fit LCSR results. To do this, we use an exponential form for C
with which we can make reasonable description of data with a two-parameter fit. Using this from, we have studied three fit region Q 2 ≥ 1 GeV 2 , Q 2 ≥ 1.5 GeV 2 and Q 2 ≥ 2 GeV 2 . Our results for axial charges and axial masses are presented in Table 2 . Obtained values could not be compared any results that available recently. We observe that the axial masses are very close to Σ and Ξ. At this point, it will be very interesting to compare our results to those from different method in the near future. The mass of the lightest axial vector meson is m A = 1.23 GeV [42] ; therefore the axial masses of the Σ and Ξ have close values with the predictions of the VMD model.
To summarize, we have extracted the isovector axial vector form factors of octetdecuplet hyperons by applying the LCSR. Studied the form factors in this work have been calculated for the first time in the literature. These form factors bring information about the shape, size and axial charge of the baryons. We also obtain the axial charges (0) and m A for axial form factors. The results include the fits from three region. = 1.16 [6] , in the case of lattice QCD is C N ∆ 5 (0) = 0.9 ± 0.02 [3] and the results from weak pion production C N ∆ 5 (0) = 1.08 ± 0.1 [9] . The experimental result is G N ∆ A = -0.05 ± (0.35) stat ± (0.34) sys ± (0.06) theory [10] . We see that our results different from other theoretical approaches and experimental results.
Appendix A. Explicit forms of the functions F i for the hyperon transitions
Isovector Axial Vector Form Factors of Octet-Decuplet Hyperon Transition in QCD13 form factors. The T = 3,4,5 and 6 are twist-3, twist-4, twist-5 and twist-6 contributions, respectively.
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Isovector Axial Vector Form Factors of Octet-Decuplet Hyperon Transition in QCD18 form factor. The T = 3,4,5 and 6 are twist-3, twist-4, twist-5 and twist-6 contributions, respectively. 
